Mixed rain forest in southeastern Brazil: tree species regeneration and fl oristic relationships in a remaining stretch of forest near the city of Itaberá, Brazil
Introduction
When attributed to mixed rain forest, the term "mixed" refers to the presence of the gymnosperms Araucaria angustifolia (Bertol.) Kuntze (Brazilian pine) and Podocarpus lambertii Klotzsch ex Endl. (pinheiro-bravo) in association with primitive angiosperm genera, such as Drimys (Winteraceae), as well as Ocotea, Cryptocarya and Nectandra (Lauraceae). Klein (1960) divides Araucaria ecosystems into various successional stages, attributing the term "mixed forest" to their more mature stage. Veloso (1991) attributes the term "mixed rain forest" to all ecosystems containing A. angustifolia, which is always associated with broadleaf species. Rizzini (1997) supports the classifi cation made by Klein (1960) , stating that Araucaria forests represent the intermediate successional stage of mature forests without Araucaria. Th erefore, there is no consensus on the classification of Araucaria forests. According to Jarenkow & Budke (2009) , although the physiognomy might suggest some uniformity due to the occurrence of emergent Araucaria, fl oristic and phytosociological inventories reveal particular distinctions throughout the various Araucaria forests.
A large part of the remaining fragments of mixed rain forest in the state of São Paulo is located in the southern region of the state, near the state of Paraná, in the Upper Paranapanema River watershed. Th ese fragments collectively cover an estimated 131 ha, only 14% of which corresponds to primary forest. Th e remainder consists of forest refuges at high altitudes in the Serra do Mar and Mantiqueira mountain ranges, accounting for 42,805 ha, only 39% of which is primary forest (Klein 1960; Veloso et al. 1991) .
Th e current critical state of conservation of the mixed rain forest in Brazil calls for the collection of basic information about the composition, structure, richness and successional dynamics of its physiognomy, as well as the expansion of knowledge regarding the fl oristic and structural variations among the various stretches within its natural range, in order to inform decision-making regarding the conservation and restoration of these ecosystems, thus increasing the chances of success in the long term. However, such aspects merit in-depth scientifi c investigation, especially for stretches of forest in the state of São Paulo.
Th e purpose of this study was to characterize the fl oristic composition, richness and diversity of the upper and lower strata of a stretch of Araucaria forest in the state of São Paulo, investigating the fl oristic similarity between them. In addition, we sought to arrive at a more realistic classifi cation of the vegetation in the area, taking into account the fl oristic composition of the current upper stratum and possible trajectories revealed by the lower stratum, not just its physiognomic character (mainly of the canopy). In short, we attempted to assess whether the fragment under study exhibited suffi cient species richness (of trees and shrubs) to classify it as a typical remnant of mixed rain forest, investigating its fl oristic relationship with stretches of the same formation in southern Brazil and within the same state (São Paulo) , in addition to surveys in the dense rain forest, semideciduous seasonal forest and deciduous forest within the state.
Materials and methods

Study area
The study was conducted at the Itaberá Ecological Station (located in the municipality of Itaberá, in the state of São Paulo), which is operated by the São Paulo State Forestry Institute and was created by decree (State Decree no. 26.890/1987) . Th e area is located in the watershed of the Upper Paranapanema River, in the southern region of the state (23°50'47"S; 49°08'39"W). Th e Station preserves a fragment of mixed rain forest of approximately 180 ha drained by three tributaries of the Ribeirão das Lavrinhas River, at altitudes ranging from 680 m to 710 m.
Th e climate is temperate, without a true dry season (Cfb in the Köppen climate classifi cation system). Th e hottest month is February, during which the average temperature is 22.5°C, and the lowest temperatures are observed between May and August, the monthly averages then ranging from 15.0°C to 16.7°C (observations from 1979 to 1990; Sentelhas et al. 1999) . Th e average annual rainfall is 1405 mm, with monthly rainfall averages ranging from 47 mm in July to 184 mm in January, according to data from the Apiaí weather station, which is the weather station closest to the study area (Souza 2008) .
In the interfl uves of the area, there is red latosol (oxisol), red nitosol in the steeper areas and gleysol at the valley fl oors (Novais et al. 2009) . Th e vegetation matrix of the region is composed of agricultural crops on gently curving terraces, which allows the mechanization of the various stages of production, interspersed with rangeland, forest plantations and small isolated fragments of forest. In the forest inventory of the state of São Paulo (Kronka et al.2005) , the vegetation of the area was offi cially classifi ed as mixed rain forest.
Sampling and data collection
For the phytosociological inventory, we selected an area that was relatively uniform in terms of topography and soil conditions (interfl uves with gentle slopes, on red latosol), representative of the predominant condition of the Station. Th e area selected was in the interior of the fragment under study and thus free from the interference of the edge eff ect.
For our survey of the upper stratum, we established 50 permanent plots of 10 × 20 m, arranged contiguously and totaling 1 ha. We defi ned the upper stratum as trees and shrubs with a diameter at breast height (DBH, 1.3 m) ≥ 15 cm. For individuals ranging below breast height, we included only those that met the inclusion criterion for at least one of their branches.
To survey the lower stratum, we established, within each 10 × 20 m plot, fi ve 1 × 1 m subplots, totaling 250 m² of the sample area (Fig. 1) . Th e positioning of subplots was drawn by lot of coordinates of the upper left vertex, taking as reference the sides of the 10 × 20 m plot, known as Cartesian axes. To measure these coordinates in the fi eld, we used a vertex. We sampled all tree or shrub individuals that were ≥ 30 cm in height and had a DBH < 15 cm.
Most of the individuals sampled in the upper and lower strata were identifi ed in the fi eld. When that was not possible, we collected botanical material and recorded dendrological characteristics (bark, fl ower/fruit color, scent, presence of exudates, etc.) for later identifi cation. Aiming to expand the fl oristic survey, we also walked cross-country and drove motor vehicles along the principal trails of the Station to collect reproductive material of species that were or were not present in the phytosociological inventory plots.
All botanical material was duly numbered, arranged in presses, dehydrated and delivered to the Forest Ecology Sector of the São Paulo Forestry Institute, where it was identifi ed through comparisons with materials at the Dom Bento Pickel Herbarium (code, SPSF), as well as by consulting experts of recognized competence and the specialized literature. Th e fertile specimens were incorporated into the collection of the same herbarium. We adopted the classifi cation system proposed by the Angiosperm Phylogeny Group (APG III, 2009) .
In order to assess the statistical power of the sampling used in each component, we plotted species accumulation curves by re-sampling individuals, with 10,000 interactions and 95% confi dence intervals (Gotelli & Colwell 2001) .
Statistical analysis
For both strata, we estimated the Shannon diversity index (H' , using a neperian logarithm and 95% jackknife confi dence intervals), Pielou's evenness index (J'; Pielou 1966 ) and the Jentsch mixture coeffi cient (MC; Hosokawa 1981) . For this analysis, we used the Mata Nativa soft ware (Cientec 2004 ).
We analyzed the fl oristic similarity between the upper and lower strata in order to detect possible changes between the current fl oristic composition, revealed by species present in the upper stratum, and possible trajectories associated with natural regeneration dynamics in the study area, inferred from the lower stratum. In this analysis, we used the Sorensen and Jaccard similarity indices.
In order to investigate the fl oristic relationship between the Itaberá Ecological Station and other stretches of mixed rain forest in southern and southeastern Brazil, as well as other formations surrounding the Station, we selected 52 phytosociological surveys conducted in the three southern states other than São Paulo, in upper montane, montane and submontane environments (Table 1) . We gave preference to surveys with a minimum of one hectare of sampling area in which the inclusion criterion was DBH ≥ 4.8 cm. Nevertheless, due to the small number of and limited access to such studies, we considered some surveys that did not meet our requirements in terms of the sampling area and the inclusion criterion.
Based on fl oristic lists of each work, we prepared a binary presence/absence matrix, with species listed in rows and areas in columns. We included only the data related to specimens identifi ed down to the species level, and we consulted the Botanical Garden of Rio de Janeiro (2010) to update the scientifi c names of species, including the occurrence of synonyms. Th e classifi cation method used was hierarchical cluster analysis, which generates a dendrogram showing a hierarchical organization of the groups formed. As the coeffi cient, we used the Jaccard similarity index, with an agglomerative algorithm (the unweighted pair group method with arithmetic mean). In this analysis, we used the FITOPAC 1 soft ware (Shepherd 1995 (IUCN 1994 (IUCN /2001 . Th is analysis aimed to determine the relevance of this area of full protection of target plant populations, considering the critical state of conservation of the mixed rain forest in São Paulo.
Results and Discussion
Floristic composition
In the upper stratum, we sampled 1429 trees and shrubs belonging to 134 species, 93 genera and 47 families, one individual being identifi ed only down to the genus level. In the lower stratum, we sampled 758 individuals belonging to 93 species, 66 genera and 39 families, one individual being identifi ed only down to the family level only and another being identifi ed only down to the genus level. In the upper and lower strata, we sampled, respectively, 75 and 4 standing dead individuals (5.25% and 0.53% of the total). In the phytosociological survey as a whole, we identifi ed 161 species belonging to 104 genera and 51 families.
As of the 46th plot and 224th subplot in the upper and lower strata, respectively, the collector curve showed some stabilization, indicating the statistical power of the sampling. However, through the fl oristic survey conducted on several Station trails, we collected 16 species not sampled in the phytosociological survey, belonging to 16 genera and 13 families. Th erefore, the total number of species recorded at the Itaberá Ecological Station in the present study rose to 177, representing 106 genera and 52 families (Table 2) . Th e species that were exclusive to our fl oristic survey accounted for 8.9% of the species observed, which demonstrates its additional contribution to the knowledge of the local fl ora. Th is information could inform decisions regarding future management plans, forest restoration projects in surrounding areas, and environmental education initiatives aimed at raising awareness among the population about the need to and importance of preserving these last living witnesses to the original landscape.
Th e most species-rich families in the upper stratum were Lauraceae and Myrtaceae (12 species each); Rubiaceae (8 species); Euphorbiaceae, Fabaceae-Faboideae, Meliaceae and Salicaceae (6 species each); and Fabaceae-Mimosoideae, Rutaceae and Sapindaceae (5 species each). In the lower stratum, these were Myrtaceae (10 species); Rubiaceae (8 species); Melastomataceae (6 species); Meliaceae (5 species); and Fabaceae-Faboideae, Lauraceae, Fabaceae-Mimosoideae, Sapindaceae and Solanaceae (4 species each). It is of note that there was an abundance of families represented by a single species -21 (44.7%) of those in upper strata and 19 (48.7%) of those in the lower strata. In the upper stratum, Moraceae, Myrtaceae, Rubiaceae, Meliaceae and Arecaceae accounted for 11.6%, 11.3%, 6.4%, 6.3%, and 5.2% of the individuals sampled, respectively). Th e predominance of these families is largely due to high relative densities observed for Sorocea bonplandii (11.5%), Eugenia ligustrina (6.1%), Rudgea jasminoides (3.4%), Trichilia catigua (3.1%) and Syagrus romanzoffi ana (3.7%), respectively. In the lower stratum, Rubiaceae, Moraceae, Myrtaceae, Rutaceae and Meliaceae accounted for 32.2%, 13.5%, 11.5%, 6.8%, and 5.0% of the individuals sampled, respectively. Th e species Psychotria suterella (19.1% of the total), S. bonplandii (13.5% of the total) and Helietta apiculata (4.5% of the total) accounted for more than half of the individuals identifi ed in their respective families (Rubiaceae, Moraceae and Rutaceae). In addition, Faramea montevidensis and Rudgea cf. jasminoides, respectively, accounted for 6.5% and 3.7% of the Rubiaceae identifi ed, whereas Eugenia ramboi (4.75%) was the most common Myrtaceae. Among the Meliaceae, no single species was predominant. Th e most species-rich genera in the upper stratum were Ocotea and Nectandra (8 species and 3 species, respectively accounting for 66.7% and 25.0% of the Lauraceae species); Casearia (4 species, 66.7% of the Salicaceae); Eugenia and Myrcia (4 species each, both accounting for 33.3% of the Myrtaceae); Machaerium, (4 species, 66.7% of the Leguminosae); Trichilia (4 species, 66.7% of the Meliaceae); Solanum (3 species, 75.0% of the Solanaceae) and Zanthoxylum (3 species, 60.0% of the Rutaceae). In the lower stratum, these were Eugenia, Miconia and Trichilia (5 species, 5 species and 4 species, accounting for 50.0%, 83.3% and 80% of the Myrtaceae, Melastomataceae and Meliaceae, respectively). Th erefore, only two of the nine genera that were prominent in the upper stratum were also prominent in the lower stratum.
Of the species sampled in both strata, nine are under some degree of threat regarding their conservation: (SMA 2004) or endangered (IBAMA 1993) ; Aspidosperma polyneuron and Cedrela fi ssilis, both classifi ed as endangered (IUCN 1994) ; and Aspidosperma tomentosum, classifi ed as endangered (SMA 2004) . Th e occurrence of these species in the fragment studied underscores their ecological importance, contributing to the conservation of their populations, although E. edulis is not a native species, according to reports by former employees of the Station. Th ose former employees informed us that the species was deliberately introduced in the 1960s, and, aft er having established itself, expanded throughout the forest. It is noteworthy that the limiting the size of continuous protected areas can have a negative eff ect on the maintenance of species that are rare or have been overexploited in the past, especially those with intrinsic dispersion diffi culty over long distances. It is known that many plant species in forests that are at an advanced successional stage produce large seeds or fruits that are in turn dispersed by a small number of larger animals, which also require well-maintained and relatively extensive continuous stretches of forest for their survival (Galetti et al. 2010) . All species listed, with the exception of E. edulis and A. polyneuron, were represented by less than 10 individuals in each of the strata.
Rare species, i.e., those sampled from a single individual, accounted for 35 (25.9%) of the species sampled in the upper stratum, one of those (S. bullatum) being endangered. In the lower stratum, there were 26 such species (28% of the species sampled), one of which (A. tomentosum) is endangered.
Diversity
For the upper stratum, we estimated the H' at 4.12 (4.11 < H' < 4.30, using 95% jackknife confi dence intervals). Th e community showed low dominance, as evidenced by the estimated J' and MC values (0.84 and 1:10.51, respectively). All of these values are higher than those typically found for stretches of Araucaria forest in the state of São Paulo and in southern Brazil in general. Using the same methodology, Souza (2008) estimated H' and J' at 3.08 and 0.73, respectively, for an area near the city of Campos do Jordão (in the state of São Paulo), compared with 3.81 and 0.70, respectively, for an area that had been regenerating for the last 120 years near the city of Barra do Chapéu (also in the state of São Paulo). Also in the Campos do Jordão area, Los (2004) evaluated six discontinuous blocks of 0.25 ha each and reported an H' of 3.43. For southern Brazil, H' values found in the literature vary widely, ranging from 2.76 (Rondon-Neto et al. 2002) to 3.67 or higher (Reginato & Goldenberg 2007) . Unfortunately, diff erences in sampling methodology, historical uses of areas and landscape conditions, as well as other factors, complicate comparisons across studies. In the lower stratum, these values were also high, although less dramatically so: H' = 3.5 (3.46 <H' <3.72, using 95% jackknife confi dence intervals); J' = 0.77; and MC = 1:8.06. Souza (2008) also highlighted the great diversity of this stratum near Campos do Jordão (H' and J' of 3.81 and 0.84, respectively) and Barra do Chapéu (3.44 and 0.79, respectively). Unfortunately, the lower strata of Araucaria forests have been poorly studied, resulting in a scarcity of studies for comparisons, and the limitations mentioned above for the upper stratum also apply here. Nevertheless, the fact that high diversity was also detected in the lower stratum underscores the importance of the area for conservation and hence the importance of proper management of this regeneration, so that the values identifi ed are maintained or increased.
Th e confi dence intervals estimated for H' indicate that the upper stratum contains greater species diversity (alpha) than does the lower stratum, although this index is infl uenced by the number of individuals sampled (Durigan 2009) .
Th e high diversity observed in both strata at the Station is likely due to its geographical position, inserted into an area of ecological tension. On Guapiara Plateau, where the Station is located, in addition to the mixed rain forest, other forest settings occur, ranging from dense rain forest, near the Paranapiacaba mountain range, to stretches of savanna (cerrado) and semideciduous seasonal forest further inland (Ab'Saber 2003). According to Jarenkow & Budke (2009) , the fl oristic richness of Araucaria forests decreases with increasing latitude, being greater in areas of contact with other forest formations, in which cases the araucaria plays a secondary role in forest structure.
Floristic similarity
Th e upper and lower strata were very similar fl oristically (with Jaccard and Sorensen indices of 0.40 and 0.57, respectively), having 65 species in common. More than two thirds of the lower stratum species also occurred in the upper stratum. However, a little over half the species present in the upper stratum were not sampled in the lower stratum. Th erefore, pronounced fl oristic changes in the area are expected in the long term, with likely physiognomic changes associated to it, chiefl y because of local extinction of its typical emerging species, A. angustifolia, not sampled in lower stratum.
Comparing our survey with that of a remaining stretch of the same formation in Campos do Jordão (Souza, 2008) , we observed low fl oristic affi nity between the areas (Jaccard and Sorensen indices of 0.08 and 0.15, respectively, considering the species sampled in both strata), with only 18 species in common. Even if we consider only those individuals identifi ed down to the species level, the fi gures do not change. Analyzing only the upper stratum, the indices are even lower (0.05 and 0.10, respectively), even if we consider only the individuals identifi ed down to the species level (0.06 and 0.11, respectively), with only 10 species in common. Th e same goes for the lower component (0.06 and 0.11, respectively, for all species, compared with 0.06 and 0.12, respectively, for only those identifi ed down to the species level), with only eight species in common. Th e low fl oristic similarity observed might be explained by the natural disjunction between areas (approximately 390 km away in a straight line, 22°41'30"S; 45°27'52"W), given that this formation begins to become naturally fragmented in the southern part of the state of São Paulo, recurring at higher altitudes in the Serra do Mar and Mantiqueira mountain ranges. In addition, the Itaberá stretch is strongly infl uenced by neighboring forest formations, which results in it being mischaracterized fl oristically as a typical remnant of Araucaria forest, according to the latter approach (considering only specimens identifi ed down to the species level). Another factor would be the distinct conditions of the landscape, particularly in terms of the extent of continuous protected area, given the previously mentioned eff ects that it can have on the fl ora.
Th e Itaberá Ecological Station most resembles a remnant of Araucaria forest in its most proximate regions, on the slopes of the Serra de Paranapiacaba mountain range (approximately 70 km away in a straight line, at 24°28'S; 49°01'W), an area also evaluated by Souza (2008) , which has been regenerating for the last 120 years near the municipality of Barra do Chapéu. Considering both strata, there is a certain fl oristic affi nity between the areas (Jaccard and Sorensen indices of 0.20 and 0.34, respectively), with 53 species in common. However, these cannot be considered fl oristically similar, even if we consider only the species identifi ed down to the species level, with Jaccard and Sorensen indices of 0.22 and 0.37, respectively. In the upper stratum, the Jaccard and Sorensen indices were 0.21 and 0.35, respectively, for all species, compared with 0.23 and 0.37, respectively, for only those identifi ed down to the species level, with 45 species in common. Th e greatest fl oristic similarity was observed in the lower stratum (Jaccard and Sorensen indices of 0.27 and 0.43, respectively, for all species, compared with 0.31 and 0.48, respectively, for only those identifi ed down to the species level), with 36 species in common. Th erefore, the lower strata of the two areas are fl oristically similar, according to the Jaccard index for all species sampled and according to both indices for only those identifi ed down to the species level. Th erefore, it is expected that, over the long term, there will be an increase in similarity between the upper strata of the two areas.
Cluster analysis
Th e matrix compiled from fl oristic listings comprised 1095 species, refl ecting the fl oristic heterogeneity among the 53 areas considered. Th e most common species in the mixed rain forest were as follows: A. angustifolia (100%); Campomanesia xanthocarpa (90%); Casearia decandra (90%); Ocotea puberula (75%); Jacaranda puberula (75%); Allophylus edulis (75%); Matayba elaeagnoides (75%); Rapanea umbellata (75%); Sapium glandulatum (70%); Sebastiania commersoniana (70%); I. paraguariensis (70%) Ocotea pulchella (70%); Vernonia discolor (65%); Styrax leprosus (65%); Ilex theezans (60%); Prunus myrtifolia (60%); Cedrella fi ssilis (60%); Clethra scabra (55%) and Schinus terebinthifolius (50%). Of those, only A. angustifolia is considered to be exclusive to Araucaria forests (Stehmann 2009 ), although C. xanthocarpa, S. commersoniana and S. leprosus have also been identifi ed only in such forests. Jarenkow & Budke (2009) , in a review of fl oristic patterns in this formation, also demonstrated the high frequency of most of these species (above 80% in the 38 surveys evaluated), the exceptions being O. puberula, J. puberula, O. pulchella, I. theezans and C. scabra. Considering the four areas of Araucaria forest in the state of São Paulo, we noted that they have only nine species in common: A. angustifolia, Cabralea canjerana, C. decandra, Guatteria australis, Myrcia fallax, Ocotea bicolor, R. umbellata, R. jasminoides and Solanum swartzianum. Of those, C. canjerana, C. decandra, G. australis, M. fallax and R. umbellata have also been shown to occur in ≥ 50% of the areas of dense rain forest evaluated in the state. In addition, M. fallax has been identifi ed in semideciduous seasonal forests within the state, indicating its wide geographic distribution.
For the mixed rain forest evaluated in the present study, diversity (H') varied considerably, from 2.2 to 4.12. However, methodological diff erences between surveys, some of which have used diff erent indices or none at all, hinder comparisons across studies.
As can be seen in the dendrogram obtained from the cluster analysis (Fig. 2) , there were four major groups, one survey, conducted in Ubatuba (Sanchez 1999) , standing apart. Th e cophenetic correlation coeffi cient obtained is considered high, showing that the groups formed are consistent; that is, the results are robust and reliable.
Th e fi rst group comprises the majority of surveys conducted in the dense rain forest in the state of São Paulo (Serra do Mar and Serra de Paranapiacaba mountain ranges). We noticed that the areas evaluated near the municipalities of Sete Barras, São Miguel Arcanjo and Capão Bonito had greater fl oristic affi nity, possibly due to their geographical proximity, thus forming a more cohesive subgroup. Th e most common species in that group were C. canjerana, Alchornea triplinervia, Guapira opposita, Casearia sylvestris, C. decandra, Tapirira guianensis, Annona neosericea, Maytenus robusta, Endlicheria paniculata, S. bonplandii, Myrcia splendens and Amaioua intermedia, all occurring in at least half of the areas considered.
Th e second major group comprised surveys conducted in areas of dense rain forest in southern Brazil and near Campos do Jordão. Th e segregation of the two surveys conducted in the state of São Paulo is notable and probably refl ects the eff ect of the natural geographic disconnect within the formation. Th e indicator species in this subgroup were Ilex taubertiana, Baccharis oreophila, Piptocarpha macropoda, O. bicolor, Ocotea glaziovii, Persea willdenovii, Calyptranthes lucida, Symplocos falcata and R. jasminoides. Jarenkow & Budke (2009) point out that these areas have many species typical of upper montane environments, especially the Melastomataceae of the Miconia and Tibouchina genera, increasing intragroup dissimilarity. However, there were no Tibouchina spp. sampled in either of the two areas considered.
Th e third group comprised three surveys conducted near the municipality of Ribeirão Grande (in the state of São Paulo), in the dense rain forest of the Serra de Paranapiacaba mountain range. Th e areas evaluated in this group showed low fl oristic affi nity with nearby areas, such as those evaluated near São Miguel Arcanjo, Capão Bonito and Sete Barras (Group 1), exhibiting the fl oristic heterogeneity of the region. Th e most frequent species in this group were S. terebinthifolius, Myrsine coriacea, Campomanesia guaviroba and M. splendens.
Th e fourth group comprised surveys conducted in seasonal semideciduous forests (near the cities of São Carlos, Campinas and Gália) and in a seasonal deciduous forest (near the city of Piracicaba), all within the state of São Paulo. Th ese areas showed low fl oristic similarity with semideciduous forests further south; hence, which appeared to have no signifi cant infl uence on the vegetation at the Itaberá Ecological Station. Th e indicator species in this group were A. polyneuron, Myroxylon peruiferum, Ceiba speciosa and Metrodorea nigra.
Th e present study fell into the fi rst group, the area evaluated showing low fl oristic affi nity with stretches of the Araucaria forest near Campos do Jordão and in southern Brazil. Th e vegetation at the Itaberá Ecological Station showed greatest similarity to a stretch of seasonal semideciduous forest near the municipality of São Roque, in the state of São Paulo (Leite & Rodrigues 2008) , despite greater distance (approximately 210 km in a straight line) in comparison with the stretch of mixed rain forest near Barra do Chapéu and with the seasonal semideciduous forest near the municipality of Itatinga (approximately 100 km away in a straight line, located within the Paranapanema area, the same geomorphological unit as the Itaberá Ecological Station). Th ese four surveys were grouped to form a subgroup, albeit showing low similarity among them, distinguished from other surveys of dense rain forest in São Paulo. Th e surrounding forest formations apparently had the greatest infl uence on areas of mixed rain forest in the southern part of the state of São Paulo, given that they proved to be isolated from other stretches of this formation, defi ning them as ecotones. Th e classifi cation of the vegetation at the Itaberá Ecological Station as mixed rain forest is maintained for its physiognomic aspect (occurrence of A. angustifolia) rather than the fl oristic composition itself. Th is appears to be regional in scope, as was also observed by Souza (2008) in the Barra do Chapéu survey.
Distribution of the species sampled at the Itaberá Ecological Station
Of the 178 species sampled in our fl oristic and phytosociological surveys, 134 (74.9%) were found in dense rain forest (26 species being exclusive to this formation); 129 (72.1%) were found in seasonal semideciduous forest (16 being exclusive); 57 (31.8%) were found in mixed rain forest (four being exclusive); 21 (11.7%) were found in seasonal deciduous forest (one, Chomelia obtuse, being exclusive); 31 (17.3%) were found in coastal woodland (restinga, none being exclusive); 19 (10.6%) were found in savanna forest (cerradão) and cerrado stricto sensu (none being exclusive); and one (0.6%), Trichilia pallida, was found to have a wide distribution in the Amazon, cerrado and Atlantic forest. Th ere were 15 species that remained unclassifi ed because of a lack of data in the literature, as well as their incomplete identifi cation (Stehmann et al. 2009) .
Th is fl oristic complexity, which translated to a mosaic of species of diff erent origins, was expected, because, as previously mentioned, the Itaberá Ecological Station is within a region of ecological tension and is at an advanced successional stage, which, according to Klein (1960) favors the invasion of broadleaf species from the highlands and forests of the Atlantic coast. However, it is again of note that the literature reviewed might contain errors, given the many controversies on the geographic distribution of these species among other literary sources and experts of recognized competence.
On the basis of the large number of species that were exclusive to dense rain forest and seasonal semideciduous forest, as well as the broader distribution of their exclusive species within the community, makes it obvious that there has been considerable invasion of the study area, in which typical mixed rain forest species have been supplanted by the invading species, altering the character of the area, i.e., making it less typical of a mixed rain forest. Th is pattern supports the hypothesis proposed by Klein (1960) , in which the dynamic imbalance typical of mixed forests, in the current climate regime, would be caused by the greater competitive ability of the broadleaf forest species in the surrounding areas.
Th e process of forest fragmentation can reduce and isolate areas favorable to the survival of populations, resulting in local extinctions. In ecotones, that process can drastically alter the dynamics of plant communities and reduce regional biodiversity. Th e absence of characteristic elements of mixed rain forest in the lower stratum can infl uence the trajectory of areas subject to natural regeneration processes, such as forest clearing dynamics. In this scenario, open areas can be colonized by widely distributed pioneer species (generalist species common to the surrounding formations).
Th e impact of a reduction in area and of fragmentation can be mitigated by landscape management aimed at greater connectivity, enabling recolonization following local extinction, as well as facilitating the maintenance of metapopulations. Densifi cation of species in danger of local extinction should also be considered as a means of avoiding genetic erosion of the remaining populations. For the mixed rain forest, even reforestation with A. angustifolia alone can be a viable alternative for greater connectivity, because the species acts as a catalyst for the regeneration of other species under its canopy.
If no management action is taken, the defi ning species of this formation will become locally extinct and the vegetation at the Itaberá Ecological Station will no longer be offi cially classifi ed as mixed rain forest (Veloso 1991) , but rather as a transitional community between dense rain forest and seasonal semideciduous forest. In other words, this fragment corresponds to what Klein (1960) called "mixed rain forest" or "mixed forest", consisting primarily of species characteristic of subtropical rain forest, with patches of pine occurring sporadically, mostly made up of older (adult or rachitic) individuals. Th erefore, the current offi cial classifi cation of the vegetation at the Itaberá Ecological Station is based more on the few remaining A. angustifolia individuals than on the fl oristic composition itself, naturally tending to be abandoned for long periods or artifi cially sustained by management practices. Th e rigor of the offi cial Brazilian classifi cation of vegetation, as proposed by Veloso (1991) , notwithstanding, a nomenclature more in line with the reality in the fi eld would be "forest in transition from dense rain forest to seasonal semideciduous forest", given that A. angustifolia no longer dominates the phytophysiognomy of the unit.
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